The rapid recall of influenza virus-specific CD8 ؉ T cell effector function is protective, although our understanding of T cell memory remains incomplete. Recent debate has focused particularly on the CD62L lymph node homing receptor. The present analysis shows that although functional memory can be established from both CD62L hi and CD62L lo CD8 ؉ T cell subsets soon after initial encounter between naïve precursors and antigen, the optimal precursors are CD8 ؉ CD44 hi CD25 lo immune lymphocytes isolated from draining lymph nodes on day 3.5 after influenza virus infection. Analysis of primed T cells at different times after challenge indicates that the capacity to transfer memory is diminished at the peak of the primary cytotoxic T lymphocyte response, challenging speculations that the transition to memory first requires full differentiation to effector status. It seems that location rather than CD62Lhi/lo phenotype may be the more profitable focus for further dissection of the early establishment of T cell memory.
The rapid recall of influenza virus-specific CD8 ؉ T cell effector function is protective, although our understanding of T cell memory remains incomplete. Recent debate has focused particularly on the CD62L lymph node homing receptor. The present analysis shows that although functional memory can be established from both CD62L hi and CD62L lo CD8 ؉ T cell subsets soon after initial encounter between naïve precursors and antigen, the optimal precursors are CD8 ؉ CD44 hi CD25 lo immune lymphocytes isolated from draining lymph nodes on day 3.5 after influenza virus infection. Analysis of primed T cells at different times after challenge indicates that the capacity to transfer memory is diminished at the peak of the primary cytotoxic T lymphocyte response, challenging speculations that the transition to memory first requires full differentiation to effector status. It seems that location rather than CD62Lhi/lo phenotype may be the more profitable focus for further dissection of the early establishment of T cell memory.
draining lymph nodes ͉ generation of memory E stablished CD8
ϩ T cell memory can provide substantial protection against various viral, bacterial, and parasitic infections. Although the generation of protective CD8 ϩ T cell memory constitutes a primary goal for cell-mediated vaccines, the mechanistic basis of such memory development is still far from clear for any naturally occurring or experimental situation. What exactly are memory T cells, and how do they develop? A widely accepted idea is that the memory set is derived from the effector population, subsequent to a 10-fold or more contraction in numbers. However, recent experiments using in vitrostimulated T cells (1) , antibiotic treatment before Listeria monocytogenes infection (2) or dendritic-cell vaccination (3) suggest that the full expansion to effector status may not be a prerequisite for the generation of memory T cells.
Current fashion has it that memory T cells can be classified into two distinct populations with distinct lymph node homing properties, anatomical locations, and functions (4) . The CD62L hi ''central memory'' (T CM ) set transits directly from blood to lymph node via the high endothelial venules, whereas the CD62L lo ''effector memory'' (T EM ) cells access the lymph nodes only via afferent lymph and are found widely dispersed in a broad range of somatic tissues (4) (5) (6) (7) (8) . This CD62L ''gating'' mechanism does not operate in the spleen. To date, there is no general agreement on the determining factors in T CM and T EM development. Most accept that a proportion of the T CM precursors can become effector and/or T EM cells after secondary challenge (7) (8) (9) , whereas some experiments suggest that a T EM 3 T CM transition is possible in the long-term (7, 9) . However, others propose that diverse T CM populations include a range of partially differentiated phenotypes that reflect a more limited and varied ''signaling experience'' and are a continuous source of distinct effector and T EM sets (10, 11) . Another view is that the T EM and T CM populations divide into distinct lineages from the time of primary antigen exposure (12) .
Established CD8 ϩ T cell memory provides significant protection against respiratory challenge with extremely virulent influenza A viruses (13, 14) . Our recent, single-cell analysis of TCR CDR3␤ profiles for two influenza A virus D b NP 366 and D b PA 224 epitopes in conventional, nontransgenic, virus-infected mice showed that both CD62L lo and CD62L
hi T cells are predominantly represented by the same large clonal expansions (15) . Furthermore, clonal diversity of both CD62L lo and CD62L
hi T cell subsets is maintained from day 8 into long-term memory (longer than day 180), suggesting that stable T CM and T EM lineages are established early in the antigen-driven phase (within the first week) of influenza virus infection. The present analysis utilizes adoptive transfer protocols with TCR-transgenic T cells to ask how early and where memory T cell populations develop, and what are their key characteristics. We show that memory CD8 ϩ T cells are preferentially established in draining lymph nodes at early (day 3.5) and late (day 28) but not acute (day 8) time-points. Furthermore, we demonstrate that establishment of memory occurs irrespective of CD62L phenotype.
Results
To detect CD8 ϩ T cells early after influenza virus infection and to eliminate variation associated with differing TCR/epitope avidity profiles (16, 17) , the present analysis utilizes adoptively transferred, CFSE-labeled, Ly5-different, TCR-transgenic (OT-I) cells specific for the K b OVA 257 epitope (18) . Infection of chimeric C57BL/6J (B6, H2 b ) mice with a recombinant influenza virus (HK-OVA) incorporating the ovalbumin SIINFEKL peptide (19) (20, 21) . In most experiments, OT-I T cells from unprimed mice were transferred into naïve Ly5.2 ϩ hosts that were then challenged i.n. with the HK-OVA influenza A virus. The spleens and draining, regional mediastinal lymph nodes (MLN) of these infected mice were then sampled after an additional 3.5, 8, or 28 d. AntigenAuthor contributions: S.J.T. and P.C.D. contributed equally to this work; K.K., R.K., S.J.T., and P.C.D. designed research; K.K., J.S., and M.R.J. performed research; K.K. analyzed data; and K.K., J.S., S.J.T., and P.C.D. wrote the paper.
experienced OT-I T cells that had cycled at least once and transitioned to being CD44 hi were then sorted on the basis of CD62L phenotype and transferred into additional Ly5.2 ϩ -naïve recipients before secondary HK-OVA virus challenge 32-40 d later to examine persistence and recall of these cells.
Cell Division and CD62L Expression Through the Primary Response.
Naïve Ly5.2 ϩ mice were given CFSE-labeled Ly5.1 ϩ TCRtransgenic T cells and the HK-OVA influenza virus to probe the correlation between cell cycling and CD62L phenotype early (day 3.5) in the course of infection (Fig. 1) . The CFSE-labeled Ly5.1 ϩ CD8 ϩ OT-I T cells were 90% CD62L hi at time of spleen cell transfer into uninfected Ly5.2 ϩ B6 recipients. Some of these mice were challenged i.n. with the HK-OVA virus 24 h later, whereas others were left uninfected and spleens analyzed after another 3.5 d. A few of the CD62L hi Ly5.1 ϩ CD8 ϩ T cells recovered from the uninfected controls had divided (2.4%), but most remained CFSE hi CD62L hi ( Fig. 1 A) . Similar levels (Ͻ3%) of spontaneous OT-I division were found in mice infected with control HK virus (M.R.J., unpublished work). By contrast, the majority of the Ly5.1 ϩ CD8 ϩ OT-I T cells in the HK-OVAinfected mice (90%) had divided at least once, and many more were now CD62L lo ( Fig. 1 A) . Although the CD62L hi T cells still predominated at day 3.5 after infection, the percentage of CD62L hi diminished with continuing division. The intensity of CD62L expression on the CD62L hi T cells did not change with continued dividing, but the residual CD62L detected on the surface of the ''minimal expressors'' classified as CD62L lo was at a significantly higher level for cells in division 1 when compared with divisions 3 to 7 (Fig. 1B) . Staining for the IL-7R, however, dropped immediately from division 1 for both the CD62L lo and CD62L hi Ly5.1 ϩ CD8 ϩ OT-I T cells, whereas the pattern of CD44 increase was also consistent for the two subsets, with the levels being lower for cells that had cycled only once (data not shown). Thus, although the acquisition of differentiated phenotypes, such as the capacity to make various cytokines, is considered to progress with ongoing cell division (22) , the antigen-driven cycling of these OT-I T cells seems to result in two distinct profiles of CD62L (but not IL-7R or CD44) expression. It seems clear that at least some CD62L hi T cells transit to being CD62L lo , although there is another subset that divides but maintains a consistent CD62L hi phenotype for at least 3.5 d after antigen challenge.
This experiment used large numbers of enriched spleen cells (5 ϫ 10 6 to 1 ϫ 10 7 ; Ϸ20% CD8 ϩ T cells), which might be thought to reduce the antigen-driven ''pressure'' on any individual naïve CD62L hi precursor to divide extensively and switch to a CD62L lo phenotype (12) . Dropping the cell dose three times and 20 times ( Fig. 2A-F) did not, however, cause any significant decrease in CD62L hi frequency for either the total (Fig. 2C) or dividing ( Fig. 2 A, B , and D) Ly5.1 ϩ OT-I T cell populations measured at day 3.5 after challenge. In both cases, the relative prevalence of CD62L hi versus CD62L lo OT-I T cells was substantially lower in the regional, MLN than in the spleen, reflecting earlier evidence that influenza virus-specific CD8 ϩ T cells are first detected in the draining nodes ( Fig. 2 C and D) . Interestingly, more CD62L hi Ly5.1 ϩ OT-I T cells went through five to seven divisions when smaller numbers of naïve cells were Fig. 2 A-D) . This argues against the possibility that a proportion of cycling Ly5.1 ϩ OT-I precursors maintain CD62L expression as a consequence of competition for ''optimal'' inductive signals.
transferred (
Transfer of 5 ϫ 10 5 enriched splenocytes (Ϸ20% CD8 ϩ T cells, i.e., Ϸ1 ϫ 10 5 CD8 ϩ T cells) was at the level of detection for recall responses on day 3.5 after influenza virus infection (cell numbers shown in Fig. 2 E and F) . A recent report (12) found an increased proportion of CD62L lo OT-I cells after VSV-OVA infection when 500 cells were transferred in comparison with 1 ϫ 10 5 or 1 ϫ 10 7 cells, although the numbers of recovered cells were not discussed. However, because our analysis found no difference between CD62L lo and CD62L
hi expression for any of the precursor frequencies giving us detectable cell numbers on day 3.5, subsequent experiments used between 5 ϫ 10 5 and 1 ϫ 10 7 enriched splenocytes for the initial transfer experiments. Similarly, no difference between the precursor frequency of transferred populations and CD62L phenotype was found in a recent study (23) .
A time course (Fig. 2 E and F Fig. 6 ). However, because the frequencies shown in SI Fig. 6C were generated from FACS data at the limits of detection, it is possible that the values might be slightly elevated because of nonspecific detection. Therefore, it is fair to say that the 1 ϫ 10 4 adoptively transferred days 3.5, 8, or 28 Ly5.1 ϩ OT-I immune T cells gave rise to counts that were no greater than 0.2-1 ϫ 10 3 T cells in spleen 32-40 d later. Interestingly, the size of the resident spleen OT-I CD8 ϩ set closely resemble estimates of precursor frequency for naïve antigen-specific CD8 ϩ T cells (24) and thus resembles a physiological situation. The majority of the recovered memory Ly5.1 ϩ OT-I T cells was CD62L hi (data not shown), irrespective of whether the transferred population was CD62L hi or CD62L
lo . In addition, there were no indications of ''homeostatic'' OT-I memory T cell proliferation after transfer into normal, uninfected mice. No OT-I cells could be detected in any of the lymph nodes tested (MLN, axillary, cervical, and inguinal; data not shown).
Recall of CD8 ؉ T Cell Memory. ''Good'' memory T cells are characterized by persistence in the absence of antigen and by the capacity to mount a vigorous recall response to reinfection (25) . After secondary challenge at days 32-40 after transfer of day 3.5-primed CD62L hi and CD62L lo Ly5.1 ϩ OT-I T cells (Fig. 3A) , memory precursors from all four groups (CD62L lo and CD62L hi derived from either MLNs or spleens) proliferated further and localized to the infected lung ( Fig. 3B and SI Fig. 7A ). However, although both the CD8 ϩ CD44 hi CD62L hi and CD62L lo Ly5.1 ϩ OT-I populations that were taken on day 3.5 after priming contributed to the memory T cell pool, the Ly5.1 ϩ OT-I T cells sorted from the MLNs on day 3.5 proliferated more than those from the spleen (Fig. 3B) . Thus, T cell memory is established as early as day 3.5 after the initial antigen exposure of naïve, OT-I T precursors. The enhanced proliferation response from the MLN could not be attributed to differences in CD62L expression, because both CD62L hi and CD62L lo populations from the MLN gave better recall responses than the comparable spleen sets (Fig. 3B) . Furthermore, 10 times more Ly5.1 ϩ OT-I CD44 hi T cells were recovered from MLN compared with spleen at day 3.5 (per organ per mouse; SI Fig. 5B ), suggesting an even larger contribution of MLN-derived cells to the total memory pool at this time point.
To determine whether the superior proliferative capacity of these MLN (vs. spleen) memory T cells (Fig. 3B) is true only for lymphocytes recovered very early (day 3.5) in the primary , and 28 after HK-OVA infection, CD62L lo or CD62L hi CD44 hi CD8 ϩ Ly5.1 ϩ OT-I cells that had divided at least twice (by CFSE-labeling) were isolated separately from MLNs and spleens (S). The sorted CD62L lo or CD62L hi T cell subsets were then transferred (1 ϫ 10 4 per mouse) into naïve Ly5.2 ϩ B6 recipients, left for a further 32-40 days, and then infected with HK-OVA. Memory CD8 ϩ Ly5.1 ϩ OT-I cells generated at 3.5 (B), 8 (C), or 28 d (D) from spleen or MLN were assessed for their capacity to mediate recall responses on day 8 after HK-OVA challenge. Lymphocytes from spleen and BAL (data shown), lung, and MLN (data not shown) were assessed by ICS for IFN-␥ production. The counts in the ''Total'' column were calculated by adding the numbers obtained from spleen, BAL, lung, and MLN. Although the y axis of the different histograms all relates to a 1 ϫ 10 4 baseline, the scales are different, reflecting the numbers recovered from the particular anatomical site. Recall responses by transferred memory CD8 ϩ T cells derived from MLNs at 3.5 and 28 d after primary exposure were significantly higher than those mediated by the comparable sets in spleen (P Ͻ 0.05).
response, the same comparison was made for T cells sampled on day 8 (acute phase) or day 28 (established memory). The recall response (Fig. 3C ) by OT-I T cells from day-8 spleen and MLN populations was remarkably diminished for all four groups (compare Fig. 3 B and C and SI Fig. 7 A and B) , suggesting that the memory sets available for further clonal expansion have been greatly diluted by large numbers of terminally differentiated effectors. Conversely, the day-28 CD62L hi and CD62L lo CD44
hi OT-I MLN T cells again (as in Fig. 3B ) gave a superior response (Fig. 3D) . Both proliferative capacity (SI Fig. 7C ) and IFN-␥ production (Fig. 3D) were greater for the MLN-derived memory sets, with the numerical hierarchy being: MLN-CD62L hi Ͼ MLN-CD62L lo Ͼ spleen-CD62L hi Ͼ spleen-CD62L lo . Most of the fully differentiated CTL effectors would have been edited out by day 28, but it is intriguing that the ''before'' (day 3.5) and ''after'' (day 28) virus-elimination phases look so similar when it comes to providing optimal CD8 ϩ T cell memory ( Fig. 3 and SI  Fig. 7) . Thus, memory precursors are clearly enriched in the MLN vs. the spleen, irrespective of CD62L phenotype. Two-Way CD62L Transition. As might be expected, the adoptively transferred days 3.5, 8, and 28 CD62L hi and CD62L lo CD8
ϩ CD44 hi populations from both MLN and spleen all gave rise to CD62L lo progeny upon further exposure to antigen (SI Fig. 8 A-C) . Furthermore, it was apparent that some of the CD62L lo precursors transitioned to a CD62L hi phenotype by day 8 after challenge. This effect was most obvious for transferred ''day-3.5 spleen'' T cells that were detected in the spleen and MLN of the challenged mice and for the ''day-28 spleen'' in the responding, recipient MLN and spleen.
Optimal Transfer by Primed CD25 lo Precursors. Given that the CD8 ϩ T cells from the day-3.5 draining lymph node give better recall responses than those from spleen (Fig. 3B) , can differences in cell-surface phenotype be identified for precursors in these two sites? Analysis of CD127 (IL-7R␣), CD25 (IL-2R␣), and NKG2a FACS profiles for the CD62L hi and CD62L lo OT-I T cells showed many more positive cells and high levels of CD25 staining on both the CD62L lo and CD62L hi subsets from MLN vs. spleen (Fig. 4A) . Otherwise, there were no significant, site-related differences for CD127 or for NKG2a staining on OT-I CD8 ϩ T cells (SI Fig. 9 ). Because both the optimal mediators of long-term memory in the adoptively transferred day-3.5 population (Fig. 3B) are found in the regional MLN, and many more of the MLN CD44 hi CD62L lo and CD62L hi OT-I cells are CD25 hi (IL-2R␣ ϩ ) (Fig. 4A) , we asked whether the CD25 hi sets constituted the key precursor populations. The recall responses at day 34 after cell transfer (Fig. 4B) showed the hierarchy: MLN CD25 lo Ͼ MLN CD25 hi Ͼ spleen CD25 lo Ͼ spleen CD25 hi (Fig. 4 C and D) . Clearly, the MLN cells in both the CD25 lo and CD25 hi subsets are superior to the spleen precursors, so CD25 expression cannot be the only key determinant. A likely possibility is that the CD25 hi cells are at an IL-2-dependent phase of differentiation and may tend to activation-induced cell death when removed from the IL-2-rich environment of the responding lymphoid tissue.
Discussion
Recent debate has focused particularly on the importance of the CD62L lymph node homing receptor as a marker for T cell memory, although how, when, and where CD62L hi CD8 ϩ and CD62L lo CD8 ϩ memory T cell precursors (4, 7, 8, 26 ) subset during the antigen-driven phase of the response is far from clear. The present analysis dissects the capacity of CD62L lo or CD62L hi CD8
ϩ T cell subsets recovered from distinct anatomical sites at different times after influenza virus infection to give rise to memory populations after transfer into naïve hosts. The comparison used CD8 ϩ T cells sampled early (day 3.5), at the peak of acute infection (day 8), or during the established memory phase (day 28). Three outcomes seemed possible. The first is that CD8 ϩ T cells obtained from any site on day 3.5 after infection will die after transfer into a naïve host, and only a small proportion of those recovered on day 8 will survive, although the majority of the day-28 CD8 ϩ T cells persist and are recalled after secondary challenge. This result would support the paradigm that memory T cells are derived from the effector population. A second alternative is that CD8 ϩ T cells transferred on day 3.5 after infection will maintain in the ''normal'' environment of the ''naïve'' recipients, suggesting that memory precursors are established early after challenge (before the effector phase) and that they do not require continued exposure to the cytokine/ chemokine milieu associate with infection to become established in the long term. Finally, whatever the timing or location, CD62L phenotype may indeed be the critical factor for the establishment of memory.
This analysis establishes that memory T cell precursors are generated preferentially in the draining lymph node early (by day 3.5) after influenza virus infection. The least efficient population when it comes to the transfer of memory is the highly activated day-8 population, an observation tending against the idea that memory T cells are optimally derived from fully functional ''effector'' T lymphocytes. As with many issues in this complex field, there is some semantic confusion when it comes to the use of the word ''effector.'' Claims that effectors give rise to memory T cells (7, 27) can, in fact, be supported only if the differentiation (or dedifferentiation) pathway is followed from a single precursor or if it is established beyond reasonable doubt that all of the T cells in a population are maximally activated and that there are no ''less-stimulated'' precursors in the available lymphocyte pool. As shown here, primed CD8 ϩ T cells proliferate very rapidly, and a minimal minority set can rapidly swamp what was initially a majority constituency.
Prior evidence that T cell memory can be generated very early in the course of an immune response is available from in vitro stimulation experiments showing that naïve TCR-transgenic T cells pulsed with antigen for 24 h in culture can then establish memory after transfer into mice (1) . This analysis indeed establishes that the memory T cell program can be triggered very rapidly, but the situation is very different from what happens in a whole animal. Pulsed antigen-presenting cells (APCs) are available to T cells immediately upon in vitro stimulation, whereas in vivo priming involves a whole cascade of events related to the kinetics of infection, replication of the pathogen, antigen processing, DC migrationm, and time of antigen presentation to the T cells.
An informative set of experiments used mice that were challenged with Listeria monocytogenes 24 h before or after treatment with an antibiotic that substantially controls this bacterial infection (2) . The response after the antibiotic treatment after infection looked substantially normal and resulted in comparable effector and memory populations with those observed in untreated mice. This reflects the fact that L. monocytogenes causes a rapid, high-level systemic infection that may well promote the presence of antigen-presenting dendritic cells that persist long after the pathogen is cleared. The finding that antibiotic treatment before infection dramatically reduced both the bacterial load and the extent of T cell effector expansion, but not the magnitude of memory T cell population, indicated that (as shown here) a major contraction phase is not essential for the establishment of memory. However, the memory T cell precursors were not removed from possible further encounter with APCs in these experiments, and our adoptive transfers into naïve hosts provide a much more definitive demonstration that early, dividing CD62L lo and CD62L hi T cell populations can indeed provide antigen-independent long-term memory.
Influenza A viruses cause localized (to the respiratory tract), not systemic, infections in mice. During the course of influenza pneumonia, viral antigen is thought to be carried to the regional lymph nodes by dendritic cells that have either been nonproductively infected (make viral proteins but no progeny virus) or have taken up antigen in the lung during the first 36 h after virus challenge (28) . The net consequence is, then, that the APC ''environment'' that determines the nature of the primary response is likely to be both established early and limited in extent. Infectious virus is cleared from lung epithelium within 10 d after primary virus challenge, and most evidence suggests that all viral antigen is eliminated within 14-21 d of infection (29) (J. Mintern, S.J.T., and P.C.D., unpublished work). In our study, we transferred CD8 ϩ T cells sorted under stringent conditions into naïve hosts to assure an antigen-free environment.
Although striking differences were found in the memory potential of antigen-stimulated T cells from two different anatomical sites (spleen and MLN), further sorting into CD62L lo and CD62L
hi CD8 ϩ T cell populations on days 3.5 and 28 did not support the view that there is a clear division in functional capacity for these two subsets. Given that we knew years ago that CD62L is the lymph node homing receptor and that fully functional effector T cells are likely to be CD62L lo , it seems appropriate to ask whether it is useful to focus further analysis of memory establishment around the T CM /T EM classification. We did find that the CD62L hi set contains more T cells that look to have suboptimal TCRs (15) but, because these contribute little to recall responses (26) , they can hardly be regarded as optimal ''central memory'' precursors.
Establishment of memory T cell precursors preferentially in the draining LN rather than spleens suggests that CD8 ϩ T cell derived from these two sites are potentially distinct populations that could be characterized by differential expression of cellsurface activation/differentiation markers, key marker(s) have yet to be identified. The differential expression of IL-2R␣ in CD8 ϩ T cells derived from MLN and spleen on day 3.5 after influenza virus infection indicates a potential role for IL-2 in the early establishment of T cell memory. However, IL-2 may only be part of the answer, with the development of T cell memory dependent on both the initial internal stimulus through the TCR as well as external signals mediated by various lymphokines that have been implicated in the development and maintenance of memory (30, 31) .
Overall, the results indicate that ''optimal'' memory T cells can emerge early in the antigen-driven stage of the response, that they are less apparent at the peak effector phase, and that they then reemerge with time. One possibility is that the memory set is diluted for a time by maximally expanded, highly activated cytotoxic T lymphocytes (CTLs) but is again at enhanced relative frequency after antigen is cleared, and the majority of these effectors die off. The problem with this interpretation is, although, that we would expect terminally differentiated CTLs to all be CD62L lo , and, in these experiments, the d8 CD62L hi set was also a poor source of T cells for the recall response. It is thus possible that the ''high cytokine''/inflammatory environment in acutely responding lymphoid tissue make memory T cell precursors vulnerable in some way when they are removed for adoptive transfer.
Our recent, single-cell analysis of CDR3␤ sequences in the native response to influenza virus epitopes (15) showed that the progeny of the largest clonotypes can be CD62L hi or CD62L lo and that both sets are maintained into long-term memory. The present results for day 28 establish that CD62L hi and CD62L lo memory T cells contribute to the recall response. Evidence of subsetting within clonotypes (15) , however, supports the conclusion that the CD62L hi/lo dichotomy is characteristic of early expansions from a single precursor stimulated by perhaps one, or a few, dendritic cells that are in close proximity. The CD62L/ CD25 fate decision may thus reflect the consequences of local cytokine/chemokine gradients or the extent of contact with accessory molecules on DCs or stromal cells in lymph node microenvironments.
There are, of course, other formal possibilities to explain some of these findings, but both the present and previous (1-3) studies suggest that further analysis of the establishment of memory is best directed at the onset of the response in the draining lymph nodes rather than at CD62Lhi/lo subsetting. Do, for instance, CD62L hi CD25 lo and CD62L lo CD25 lo memory T cells go through a very early IL-2R␣ ϩ iteration in the MLN? Are they taken out of the effector pathway by being IL-2-independent through the initial, antigen driven stage? If IL-2 exposure during the acute phase of primary infection is essential for the establishment CD8 ϩ T cell memory (23) , is it possible that the optimal day-3.5 CD8 ϩ CD44 hi CD25 lo memory population found in our study has already differentiated beyond IL-2 dependence? Our study provides insights into the location and early generation of memory T cells. We propose a refined paradigm in which CD8 ϩ memory T cell precursors are generated early after infection (at least by day 3) in draining lymph nodes. This memory set is then diluted by the large number of fully differentiated effector cells when lymphoid tissues are sampled at the peak of the infectious process. After virus control and the consequent contraction of the CTL pool, these established memory T cells then persist at a frequency comparable with that observed early during the infection.
